Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1 


25X1 



Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1 



Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1 






Th©r®al Oxidation and Hydrolytic Stability of Polyco5?o 
^?itk E3ain Inorganic Kl 0 l®©u]lor Chain© 


by KoAoAatoiaaov 



thenml oxidation and hydrolytic stability of polymers 1b 
determined by th® ohsmical composition and structure of ®olo 
cal© a o Thor© or© ^ny instigation® concerning tla® thermal osi« 
dat ion stability of organic polymer© U-4) , a©®® representa- 
tive pclyorgaaoDiloxan®® having also been dealt with (5-6)o 

structur© of main inorganic modular ohaino of a consi- 
derable nusb®r of polymer s known at present ©an b© visualised 
in tore© of "fete© following typ®s° 
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a© raain chains ar® formsd by different chemical ©leaoats 
®u©k ao ©ilieoa, titaniu® s tin, aluminium, boron, as well as 
thQir combination© and ar® usually fringed with organic, ©nga- 
ao®iloxoa® cad ©th©r groups 0 

•m® atffidy @f polymers with inorganic molecular chains io 
©f a dofiaito interest* In this communication It will b® 
attempted to compar® the thermal oxidation destruction of so®® 
@la®s©s of organic polymer© ©ad that of polymers with main 

a® well a© to consider the effect 


2 ) Translated by AoPropiansky ,Mosoow 
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of the structure and chemical composition of the latter on 
their thermal oxidation and hydlolytic stability. The thoraal 
oxidation destruction wa® usually 0 but not always determined 
on pure polymers without any filler® ©ad estimated in term® 
of the loss in th© weight of th® polymer heated at different 
temperature® in the presence of atmospheric oxygen „ the ®agni~ 
tui@ of thermoplastic ity of polymeric films on metallic suppo- 
rt© and finally 9 th© ohang© in chemical composit ion 6 

S® estimate th© thermal oxidation stability ty the change 
in th© weight of th® polymer on heating use was mad© of or° 
ganic polymers of different chemical composition and polymer® 
with main inorganic chain molecule® fringed with various or- 
ganic groups 0 .Experimental data listed in Table 1 indicate 
the change in weight of different polymers when heated at 25o„ 
3oo (, 15® o 4oa„ and 45o° for 24 hours 0 

I h Q Seen from the Table thermal oxidation stability of 
organic polymers is disfc&iasr&'iy different from that of polymer® 
with inorg&ni® ®@l®@al®r chain® t th® organic polymer© losing 
considerably raor© weight after being heated than do th© poly~ 
®©r® with main inorganic molecular chain® o 

Polymers with inorganic molecular chains undergo considered 

a , ; 

abl® loss in weight only at th® start of heating, ‘fehen th© 
process is strongly ©lowed down. On th® other nand , the de- 
struction of organ!© polymer® proceed® continuously with vo- 
latile product® b®in§ ©volved at approximately the same rate 0 
Thermal oxidation destruction result® in reaSy degrada- 
tion of organ!© polymers , thermal oxidation reactions taking 
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ih@r©by pi mo not only la th® group© fringing th® aaia solo- 
©ul@r chain but in th© main chain o© £7©Ho Destruction i© 
accompanied by th® formation of r®a&ily volatile oxidation 
products and in tlx® ©xtr©e® case that is 9 wh©a ©xp@s®d for a 
long tine to h®&t and ©.tmospheri© oxygon 9 th® polyaer eon b® 
fully oxidised 0 Such inst&n©®® ©sour in practice when poly~ 
®sir© ©r© appli©d so dielectrics in ©Qchine® and apparatus in 
th® form of thin film© to be used for a long tins® under norm! 

atmospheric oonditioa® at X3o° and above 0 

polymer® involving main inorganic molecular chains 9 
©arbon t burst gii7©® ri@® on destruction to volatile oxygen con° 
tsiniag ©©©pound® is not iaolud®d in th© main chain of th® 
p@ly®er ®9l®<suX® 9 participating only in the groups fringing 
th® main chain 0 Th® main chains of th®©© polymers are composed 
of elements that „ contrary to carbon,, on thermal oxidation 
destruction d© not give "t® volatile compounds o>;it&iQ“ 

ing oxyg®n 0 Mor®©v©r 9 the main ehains in@lu.de also oxygen that 
brings about some oxidation of th® el©m®nt forming th® main 


chain o 

During therms! oxidation destruction th® reactions toko 
pls@® ©ssenti&lly in th® organic part of th© molecule with 
th® organ!© groups being oxidised end th© polymer further 
structured to lead to oxidation being sterically ntnderedo 


fhuia t thermal oxidation destruction results in th© cross-link* 
ing ©f sEsleoular chain® ®u©h ass 
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th© inorganic part ©f the molecule being thereby inoreased a© 

seen from data listed in Table 2 0 

Of organic polymers under investigation only polytetrafluo- 

r©©thyl®n© is extremely ©t&bl® to thermal oxidation as ©vid®no©& 

by it® composition and molecular structure© This is primarily 

accounted for by th® high®? ser®®ning effect ©f fluarin© fringe 

lag the main carbon chain of th© molecule and by the good pack® 

lag of molecular chains© .tfhen substituting chlorine for ifUaeri- 

n®, say if) p@ly trifluorochloroe thylen® , a sharp decrease in 

thermal oxidation stability is observed© 

The study of th© thereaoplast icity of polymers investigated 
0 

o© films at 18o, 2oo , 210 s, and 22o° (see Table 3) also revealed 
a considerable difference in th® properties of organic poly- 
mers and those involving chain inorganic molecular chains 
fringed with different organic Films from organic poly- 

mer© studied 'Oil were found to loo® their elasticity on seating 
saaeh s©r® readily than did the films from main inorgoaic chains© 
Figure 2 shows the time of heating at various! temperatures at 
which th® films or© elongated by less than 4 per ©ent© It will 
b© seen that th® d^ndence of thermoplasticity of different 
polymers on temperature is in fair agreement with Arrhenius 0 
®qu®tion 0 

B 

K o p z e 

wh@r© K is th© reaction rat© constant, P th© probability factor, 
b th® number of collision© am ong th© reacting molecules 9 £ the 
activation energy, R the go® constant, and T th® absolute tem- 
perature 0 


Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1 



Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1 

5 o 

Calculating th© act ivst ion ©n®rgy h in terms of Arrhenius 9 

aquation for th© poly@®r series th© following values ar® ob» 
t&ined : 

PolydiBetfayXpbenylsiloxan® 36 o 0 kcal/aol® 

Polydtaethylphenylsilox&ne p aodified 38 o 0 keal/mol® 

Polyvin^rlforaal©ttoylal 26 0 7 kcal/mole 

Polyester 25 , 7 ko&l/mol® 

Thu® , , 

5 th® activation energy of thermal oxidation destruction 
of polymers involving inorganic molecular chains fudged by 
thermo plasticity data is seen to be higher than that of orga- 
nic polymers 0 It is to be noted that th® values for activat- 
ion ©nergy in terms of thermopl&scity ar® in rather close ag- 
reement with those obtained from th© drop in th® break down 
voltage on aging that proved to be in this case 33 o 0 ke&l/mole 
for polydimethylphenylsiloxan® and 24 08 ko&l/mole for poly = 
e fehy I one t ®r ® pht alat e o 

The effect of the fringing group;'aad the molecular ohain 
structure of polymers with inorganic molecular chains on th© 
©hang® in weight is shown in Table 4 <> It will be seen that 
organic groups seriously affect th© loss in weight of th© po- 
lysasr 0 Thus polymers with Bain chains fringed by ethyl group® 
loa® mor® in weight than do the polymers involving phenyl and 
®@thyl group® 0 Only at temperatures above 4oo° do th® polymers 
©ontaining ph®nyl group® lose 52 per cent of their weight 0 
This demonstrate© that phenyl groups are readily split off 
only at t©®p®rat'U^o® sbov© 400 whilst ethyl groups undergo 
r©My ©sy&ation at 25©® and methyl groups at 3oo® 0 

In 2 @bl© 5 ar© giv©n data showing th© time needed for th® 
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poly®©? to lose half of its organic groups . This is ©@©n to 
wury considerably for diiier@nt poXyift^rs o 

Depsnding on th® tncrsaalng stability to hsatlng in th® 
air of various fringing group® th® polymer® can ba arranged 
in the following series 

C 2 H 5 - < CH 3 - < c 6 n 5“ 

It is of interest to follow the changes in thermal oxida- 
tion stability of polymer© involving inorganic molecular 
chains with th© main molecular chain containing in addition 
to oxygen^ two' elements. Tables 6 and 7 show the stability to 
thermal oxidation destruction of polymethy lsiloxane contain- 
ing ’units fro® 
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As seen from th® Tables a considerable lowering of loss in 
weight on heating is observed but polymers containing alumi- 
nium substantially lose thereby their thermoplasticity c 

-She hydrolytic stability of polymers was exemplified by 
compound® of a g®n©?al formula ' R 3 Si0 J M with M denoting 
aluminium, titanium, tin a© well as by polytit&nophenylsilo* 
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$h© relative rat© of hydrolysis has been found to depend 
©n the particular metal forming part of th© molecule 

Table 9 


Compound 

C-o n s 

tt&J-e. 

^<1 oA*. & 

Relative Rat© of 
Hydrolysis 


Sn /OSKCgHj)^/^ 

2oo 0 lo 3 

2220 


Al/OSi(C 2 H 5 ) 3 / 3 

2 o45 olo ^ 

27o2 


Si/(OSi(C2H 5 ) 3 / 4 

, =3 

o„o9olo 

1 



The investigation of th© stability of polyt itanophenylsi]b§>- 
x&ne to hydrolysis in acidic aqueous media showed that tjie 
Si - & - does not readily hydrolyse » figure 3 Cila0t«=* 

rotciEl th© hydff©Xytio cleavage ©5 1 poXy^itanophenylsiloxane , 
polyalumophenylsiloxan® , and polyaltsao ethyl silox&ne with lo 
and 3o per cent hydrochloric acid 0 Experiments have shown that 
und©r th® action of lo per cent hydrochloric acid the Si «= 0 => 
-Ti bond in polytitanophenylsilox&ne is broken only to a small 
degree, only 1 0 5 per oent of titanium having entered the so- 
Xution in lo hours „ Under th© same @©»4itiem© the Si - © - M 
bond in polyalumophenylsiloxane and jpelyalumoethylsilozane 
underwent 87 and 68 „7 p®r oent degradation, respect ively 0 On 
th® other hand 3o per cent hydrochloric acid had ruptured the 
Si o 0 = Ti bond in polytitanophenylsiloxan® in 1 hour by 25 
p®r cento Under the sea© conditions the Si- 0 - A1 bond in 
polyol umophsny Isiloxane and polyalumoethylsiloxane was ruptu- 
red by 95 o2 and 87 o5 par oent , respectively 0 3o per cent hydro- 
chloric aoid had ruptured th© Si - 0 - li bond ir. polytiiano- 
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So 

phenyls! lox&n© by 4o 0 8 per cent and Si - 0 - A1 bond in poly- 
alumophenyl- said poly&Xumoethyl-silox&nes by loo per oent 0 
Only when treated with 3o per cent hydrochlorio acid for lo 
hours did the Si - 0 - Ti bond in polytitanophenulsiloxane 
decompose by 5o per oent c 

The quantitative evidence on the hydrolytic stability of 
polytit&nophenylsilorane „ polyalumophenylsiloxane , and poly- 
aiumosiloxan© w©r® substantiated by ohenical analysis of the 
products obtained after the hydrolysis of these polymers (see 
Tables lo and 11) „ The results obtained suggest that the hydro- 
lytic stability of the Si - 0 - Ti bond in polytitanophenylsilo 
zane is considerably higher than that of Si - 0 - A1 in poly- 
alumoorg&nosiloxanes a 

The thermal oxidation destruction was estimated by the 
loss in weight of the samples heated as powders (Table 1^4 s 6 ) 
sad by the change in weight of pure films o„o5 mm thick and 
5o x loo mm in sizo 0 

The theraoelasticity of films on copper and aluminium 
support© was determined „ The film was considered as having 
lost its elasticity when after being heated it gave oraoks on 
bending at room temperature around a rod 3 mm in diameter „ 

Eydrolytic_oleQVQg®_of_polytitanoghenylsiloxane with hydro- 
Into a three necked flaok equipped with a stir- 
rer, thermometor and reflux, hzdrochloric aoid of suitable 
concentration was poured, heated up to 95° and finely powde- 
r©d polytitaaophenylsiloxane was introduced . The polymer to 
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hydrochlori© acid concentration wo® 1 to loo„ The reaction 
ms run for lo hour®, samples to b® analysed being taken in 
13 p 5 p &nd lo hour® o Titanium content in its hydrochlori© so - 
lutiono wa® determined color isstrioolly following the proce- 
dure described in th® literature ( 3 ) with th® result® listed 
in 3?igur© 3? a p b 0 Th© polymeric precipitate left after th© 
reaction woo roes>vo$ from its hydrochloric solution , washed 
with water up to a negative chlorine test, dried at lo 5 =llo° 
to constant weight and its elementary composition determined 0 
Si® analytioal data for the starting polytitanophenylailoxane 
end th® products of its hydrolytic cleavage are listed in 
Table loo 

Sabi© lo 


Polyt it ono phenyl 
s i loxan© 

Elementary composition 

Hatio of the 
number of si” 
licon to tita- 
nium atoms in 
polymer 

C 

H Si Ti 

Starting ©ompound 

48,52 

4 o58 I 6080 7,21 

4,o 

After hydrolytic 
cl®av©g® with lo$ 
hydroonlorio acid 

46o95 

3 o 98 18„24 7 0 6o 

4,1 

Th® ©os© with 
hydro©hlorio m id 

51 o 86 

3o99 21,17 3 o34 

lo 08 

SX§?§i^'ll9 = .2l®§I§g®_of _ poly aluao phenyl siloxanes 

with aqueous 

solution of lo and 

3 o per oent 

hydrochloric acid. 

This cleavage 


was carried out a© above with th® data given in Figure 3 , The 
precipitate® left after hydrolysis were carefully washed, 
dried, and analysed, the experimental data obtained being li° 
otod in TabX© 11, 
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Conclusions 

i 0 The thermal oxidation stability of polymers involving 
main inorganic molecular chains consisting of silicon atoms, 
oxygen, and aluminium is higher than that of organic polymers „ 
The destructive processes proceed in organic polymers at high 
temperatures to form volatile prod^rfcs followed by complete 
decomposition of molecules, With polymers containing main inor- 
ganic molecular chains these processes take place only in the 
organic part of the molecule and are accompanied by the struc- 
turing of the polymer that results in increased inorganic part 
of the polymeric molecule 0 

2, The thermal oxidation stability of polymers with main 
inorganic molecular chains is affected to a great extent by 
organic groups fringing the main chain 0 

3 o The introduction into the main polymeric chain of alumi- 
nium together with silicon results in tue increase in the 
thermal oxidation stability of the po‘>vm®ro > 
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Table 1 

Eheraostability of polymers to thermodxydat ion destruction (decomposition) 


Chemical Composition 


.Loss in weight in 24 fax ($) 
at__°© 

25o 3co 35o 4oo 45o 


phenyls iloxan© 


Polydilthyl 
phenyl siloxane 


£H, 

Si^- 0 

4h 3 

f% H 5 

Si - 0 

C 2 H 5 


cHr 


C.H. 
i o 5 

SiO - 

6 J * 


Polydimethylphenyl ff CH^ CgH t 
alumo s i loxan® j 2^0 » SiO 

I 6h, 0 

3 1 
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A10 - SiO' 
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Polytrifluoro” 

ohloroethylene 


F E 

1 > 

9 ' ? 

j? p 


uoiO 


„ c 1 .1 

[- 

k £ * 
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O 
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Polyamide f 9 

(©apron©) j~ C(CH 2 )^ 

CH, 


-] 
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-[0 -O-c-O och 2 ch 2 oJ - 

CH^ 


Mal©ieglyo©l“ -OCHgCHgOCOCH^CHOCO- J n 
polyester l 

O 0 1 

Polyethylene r »* ” | 

terphtolato - J OCH 2 CH 2 OC \ y > C-J$s 

Phenol ] 51 na J 

£ om©Xd©hyd© I 2 J 

L ch 2 ° JA 

Hitril® rubber -jCH 2 ~ CH 2 < 

CS 


7 o 2 12 .0 

22 08 36.o 

44 0 7 

8.3 

3o 0 2 38.o 

=» 

5.0 

8.8 13.0 

c=> 

1.3 

2 ol 2.5 

45 o7 

4 06 

98.9- - 

0 

55o5 - 

94 .3 


22 0 7 

93*1 

CO C=> 

2 o o5 

88.7 

- 

7o5 

91 o 2 

« C 

5 »3 

63.0 


9.38 

72.0 
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in the elementary 


Table 2 

composition of polymers after therikal 


$ C 


g Si C/Si 


on 


flsilosoa© 


weight 


C, 17 08 5 Sip 4© o9 $ 


24 la? 

25©° 

2 0 76 

17.12 

C~ 

0 

O 

*? 

2 hr at 

15©° 

6 o @2 

8o67 

42 0 

68 

Polyphenol© iloxan® 

containing C, 55 085 

Sip 21o7 $ 



24 hr at 

45®° 

52 oO 

3.1 

4o 0 

8 

6 hr at 

55©° 

57 o5 

0 o33 

460 

32 

Polydisethyleiloxan© containing G„32 0 7 

5 Si p 38 oQ $ 



5 hr at 

3 oo° 

29o5 

28o86 

38 o 

78 

5 hr at 

35o° 

35 0 ® 

5o89 

4 ^ » 

oS 


lo07 

o 0 47 


lo74 

Oo32 
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Table 3 

Thermoelasticity of polymeric film© 


Polymer 


Chemical compos it ion 


Theraoelast ie ity 
(hr 0 at °C ) 


18 o 2 oo 21 o 


Polydimethylpoly^ ■ CH^ 9 s ®5 i 

phenyl© iloxan© - SiO =>§10 =>j 

"ch 3 6 ^ 


Polytrifluorochloro Cl 3 

ethylene h-C - C x 

L p ft 

Glycol ceb&eynis f ? ? ] 

glycerine polyester 

U 0 K 


Gl^©olt©r@pfetalio r ? n i 

glycerin© polyester loCHgCHgOC CgH^COCH^^CH^CHg j x 

0 

I 

Polyvinylform&l CH ° GH 2 ~CH ®j 

ethyls! ^ o~CB °0 X 

l 

S modified "by resold 

« 

Spoxy p o ly © S' t ®r 


2 ooo 7 oo 15 o 


12 o 7 o 3 o 


2 o 6 <> 


80 48 4 

8 2 o 


32 28 
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Sablo 4 

of fringing groups ©a th© thors^oBi^&isi&g stability of 


Pol yE®s> 


ChQai@ol ©opposition 



Loss in weight in 24 hr 

( at °C ) 

25© 3©o 35o 4©o 45© 


2o@ a 7 oO ** 13 «o 


2o© 0 3o© 8o5 51o5 


7o2 12oO 22 0 8 36 oO 44o 


4o© » 34o@ 


8o3 0 3©o2 38oO 
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Polymer 

Chemical composition 

Tempo 
(°C ) 

Th@ half Ilf® 
time (hr) 

Polymsthyl 

CH^-Si-O- ( 

25o 

24 

siloxan® 

1 0 - 2 

35© 

2 0 o 



45o 

0 0 8 

Poly®thyl 


25 o 

o 0 8 

siloxane 

°Si *- Q— 

350 

O cl 


• 0 

450 

0 0 5 

Polypheny! 

?S h 5 

350 

24 

.Tiloxan® 

-31 -O-j 

400 

lo 


• 0 s 

45o 

3o2 



55o 

o 0 8 

Polydimethyl 
phony Xaium© 

alloxan© 

oh 3 c 6 h 5 

•Si —G <=>81 0 0 « 

c:u 0 - x 

3 \ 

35o 

400 

12 

5 

Poly©i©®thyl 

ph@nyli 3 S.iiao 

©ilox^nc 

Cii 3 ? S H 5 

Si °0 -Si « 0 — S1-0-&1 ~ 

^ CPU 6 0 ^ 

35o 

4 oe 

2 o 

lo 
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hoe® in weight 


Xjkbl© <S 

of th© polys®r ($) 


>0ly»®sr 

Chemiool composition 

13 

5f tia© 

(hr) 

Seating 
(hr p 

2@o 

at °C 

25© 

) 

3o© 35© 4©@ 

Poly&iQthyl 

‘ ?2*5 ?s n 5 

24 

l©o© 

16o© 

2o a 5 

poljph©nyl 

' §i «=» O-Si ® 0- | 

' . i 

12 

13o5 

28 0 o 

33c© 

l iloxan® 

L C 2^5 0 s 

36o 

21 0 o 

3o 0 o 

4 5 o o 

olvdlaethyl 

CH_ ('• ,.H_ 

3 : o 5 

24 

3o© 

4 o 5 

12oO 


•olyph©sayl 

iloxan® 


“>Si r-.Qo*' ^ 
CH-, b- 


0 


T 

X 


12 
1 So 


3o75 

4o5 


5 08 17 0 2 
6o3 22 0 o 


r- 


Aluffio 8 i 1 oxan© 


CH- 


C 6 H 5 


-Si ~0 431 0 

cn, 6 
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J xlH 


SiO Qc 


J 


24 

72 

36© 


5aO 

8o4 

lOoO 


8 0 8 
12 o© 

15o© 


13® 
18. « 
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Sabi© 8 

2h©rE@®l®@tioity of polymeric films 


Polyas 

Cheai 

PolydiethyX 
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